Standard stellar evolution model predicts a severe depletion of lithium (Li) abundance during the first dredge up process (FDU). Yet a small fraction of giant stars are still found to preserve a considerable amount of Li in their atmospheres after the FDU. Those giants are usually identified as Li-rich by a widely used criterion, A(Li) > 1.5 dex. A large number of works dedicated to searching for investigating this minority of the giant family, and the amount of Li-rich giants, has been largely expanded on, especially in the era of big data. In this paper, we present a catalog of Li-rich giants found from the Large Sky Area Multi-Object Fiber Spectroscopic Telescope (LAMOST) survey with Li abundances derived from a template-matching method developed for LAMOST low-resolution spectra. The catalog contains 10, 535 Li-rich giants with Li abundances from ∼ 1.5 to ∼ 4.9 dex. We also confirm that the ratio of Li-rich phenomenon among giant stars is about 1%-or more specifically, 1.29%-from our statistically important sample. This is the largest Li-rich giant sample ever reported to date, which significantly exceeds amount of all the reported Li-rich giants combined. The catalog will help the community to better understand the Li-rich phenomenon in giant stars. an initial abundance of A(Li) 1 = 3.3 dex for a main sequence star of approximately solar metallicity and mass above ∼ 1.4 M ⊙ , diluted for ∼ 60 times due to FDU, its Li abundance will be below 1.5 dex when it finishes FDU.
INTRODUCTION
Fragile elements, such as lithium (Li) , will be easily destroyed in the deep layers of stellar atmospheres, where the temperatures are usually as high as (if not higher than) millions of Kelvins. During the first dredge-up (FDU) process, matters circulate from the surface of a star to the bottom of its convective shell, bringing a large amount of lithium down into the deep layers where they can hardly survive. Thus the severe depletion of Li in the atmosphere of a giant star is the natural consequence of stellar evolution (Iben 1967a,b) . Assuming 2005; Kumar et al. 2011; Ruchti et al. 2011; Kirby et al. 2012; Martell & Shetrone 2013; Adamów et al. 2014; Casey et al. 2016; Li et al. 2018; Smiljanic et al. 2018; Deepak & Reddy 2019; Zhou et al. 2019; Singh et al. 2019a,b) . Furthermore, a number of Li-rich giants with special features have been found (e.g., Kumar & Reddy 2009; Adamów et al. 2012; Silva Aguirre et al. 2014; Yan et al. 2018 ). In addition, methods of searching for Li-rich giants from low-resolution spectra were reported in different works (e.g., Martell & Shetrone 2013; Casey et al. 2019 ). All of these efforts largely expanded the Li-rich family and provided observational constraints helping to understand how Li is enhanced in the evolved stars (e.g, Alexander 1967; Cameron & Fowler 1971; Sackmann & Boothroyd 1999; Siess & Livio 1999; Denissenkov & Herwig 2004; Charbonnel & Lagarde 2010) , and even how Li is evolved in each scale of our Galaxy (e.g., Fu et al. 2018; Cescutti & Molaro 2019; Carlos et al. 2019) .
Although a considerable amount of Li-rich giants have been reported, they are still rare objects compared to huge amount of normal ones. The ratio of Li-rich to normal giants is very low. Brown et al. (1989) found that only ∼ 1.5% of giants are Li-rich in nearby stars, and similar ratios were reported by Kumar et al. (2011) and , etc. Observations of the Galactic bulge revealed a slightly lower ratio of 0.5% − 0.7% (Gonzalez et al. 2009; Lebzelter et al. 2012) , and an analogy result was found for the Galactic thick-disk objects by Monaco et al. (2011) . The ratios estimated from large survey programs are ∼ 0.9% from Gaia-ESO survey (Casey et al. 2016; Smiljanic et al. 2018) , ∼ 0.8% from RAVE sample (Ruchti et al. 2011) , ∼ 2.0% from PTPS data (Adamów et al. 2014 ) and ∼ 0.2% − 0.3% from SDSS and GALAH data (Martell & Shetrone 2013; Deepak & Reddy 2019 ). Li-rich giants have been sporadically reported due to their rareness in the past ∼ 40 years. Although hundreds of Li-rich giants with object-IDs/positions and abundances available to the astronomy community for further studies, their data were usually obtained from different work, introducing tricky biases due to the diverse methods, samples, and data qualities, etc. For better understanding the Li-rich phenomenon in the evolved stars, a catalog of Li-rich giants identified by systematic and coherent method from massive spectroscopic survey program is thus essential.
Large Sky Area Multi-Object Fiber Spectroscopic Telescope (LAMOST) survey (Cui et al. 2012; Zhao et al. 2012 ) has finished its six-years of phase-I survey in lowresolution mode (R ≃ 1, 800), and has begun its phase-II survey in a combination of low-and medium-resolution mode (R ≃ 7, 500). The low-resolution spectra observed by LAMOST to date number over 10 million. It is almost certain that large amount of Li-rich giants are hidden in this vast database. The scope of this study is to systematically search for Li-rich giants from LAMOST DR7 low-resolution spectra data and to derive the Li abundances by template-matching method. We present a catalog of Li-rich giants obtained from LAMOST including LAMOST-ID, position, effective temperature, surface gravity, metallicity, Li abundance, etc.
The paper is assembled as follow: In Section 2, we briefly describe the giant sample selected from the LAM-OST low-resolution spectra. The method and procedure of deriving the Li abundances and error estimation are described in details in Section 3, and in Section 4, we present the results of our Li-rich sample. Finally, a short discussion and summary are given in the 5th Section.
STELLAR SAMPLE
In this study, we used LAMOST low-resolution spectra obtained from October 2011 to June 2019, and the stellar atmospheric parameters (T eff , log g, [Fe/H]) and radial velocities (RV) determined by the LAMOST Stellar Parameter Pipeline (LASP, Luo et al. 2015) . The giants were selected based on the following criteria : log g < 3.5 and T eff < 5600 K, which is revised from . We got rid of the objects of 3.5 < log g < 4.0 when 4600 K < T eff < 5600 K which was also identified as giants by , because they are contaminated by the newly formed stars with a little higher rate. The final sample includes 814,268 giants. Figure 1 shows the HR diagram of the all stellar objects observed by LAMOST low-resolution mode and the giant sample in the box with red dashed line.
METHOD
A template matching method has been adopted to determine the Li abundances in the term of [Li/Fe] , then they are converted into the expression of A(Li) by the relationship of A(Li) = [Li/Fe] + [Fe/H] + A(Li) ⊙ . Our method of deriving the [Li/Fe] is similar to the method adopted by Li et al. (2016) , which is based on LSP3 (Xiang et al. 2015) and was developed to determine the [α/Fe] from LAMOST low-resolution spectra.
The synthetic template spectra
The SPECTRUM synthesis code (V2.76, 2010) based on the Kurucz ODFNEW atmospheric models (Castelli & Kurucz 2003) with the standard abundance distribution of Grevesse & Sauval (1998) was used to calculate the template spectra. We applied the atomic line data of Li presented by Shi et al. (2007) . In our calculations, a fixed micro-turbulence of 1.5 kms −1 and a resolution of 2Å have been adopted for all template spectra. The resolution of the LAMOST spectra is approximately 2.8Å on average and varies with each individual fiber (Xiang et al. 2015) . Templates will be degraded in resolution according to each observed spectrum before matching.
We set the grids as follows: 3800 K ≤ T eff ≤ 5600 K in steps of 100K, 0.0 ≤ log g ≤ 4.0 in steps of 0.25 dex, -2.6 <[Fe/H] ≤ 0.4 in steps of 0.2 dex and -3.0 ≤ [Li/Fe] ≤ 6.9 in steps of 0.1 dex. As the Li I resonance line at 6708 A mixed with the nearby Ca I line at 6717Å for fast rotation stars, we took account of the influence of the α-enhancement: the α-element abundances enhanced by 0.4 dex for stars of [Fe/H] < -0.6 dex. The Li I resonance lines varying with A(Li) from 1.0 dex to 3.5 dex in four sets of atmospheric parameters are presented in Figure  2 .
Measuring the Li abundances
Although the subordinate lines at 6104Å and 8126Å can be detected for some objects with extremely high Li abundance, they are usually too weak to be detectable in the low-resolution spectra. So the strongest Li I resonance line at 6708Å is used to derive the Li abundances.
The spectra from LAMOST adopt the vacuum wavelength scale, we converted the vacuum wavelength to air wavelength after corrected the wavelength by the radial velocity. The process to determine the Li abundances follows two steps:
First, for an object we generated a set of templates with [Li/Fe] various from -3.0 to 6.9, adopted the at-mospheric parameters from LASP, by interpolating the grid of the templates. To check how reliable the interpolated template spectra are, we took three templates from the grids and interpolated their counterparts, and plotted them in Figure 3 . It shows that there is a negligible difference between the original and interpolated ones, which will have no obvious impact on our results.
Second, we calculated the chi-square (χ 2 ) between each template and the observed spectrum over the wavelength range of 6704 -6712Å, which covers the Li I resonance line at 6708Å. The χ 2 is defined as:
where, O i and T i is the flux of the i th point of the observed and the template spectrum, respectively, σ i is the error of the observed flux at i th pixel, and N is the amount of pixels used in calculation. Similar to Xiang et al. (2015), we directly matched the non-normalized observed spectra with the templates, as our targets are giants whose spectra have many absorption lines, it is not easy to estimate the continuum level, this could be worse for the low signal to noise ratio (S/N) spectra. Before calculating the χ 2 value, we corrected the spectral shape between the object and the template on the wavelength range of 6600 -6800Å with a thirdorder polynomial fitting. The χ 2 array was fitted with a Gaussian plus a second-order polynomial to get the minimum χ 2 value, and the corresponding value of [Li/Fe] is determined. Then, A(Li) can be derived.
The Li I resonance line at 6708Å is easily drowned out by noise leading to an invalid result. So we define three values: a) the depth of the Li I resonance line at 6708Å (D); b) the average noise over the wavelength range of 6600-6800Å (N); and, c) the standard deviation of the residuals between the object spectrum and the best-matching template (S).
For each spectrum, we require the following conditions been satisfied:
The rationale of these two constraints is that the Li I resonance line should be strong enough in order to affirm the reliability. We automatically eliminate the invalid targets and a small percentage of giants with A(Li) ≥ 1.5 have been remained (∼ 3.4%).
Then we visually checked them one by one carefully, the main considerations are: whether the Li I resonance line is obviously unaffected by the noise and the spectrum has credible quality, and whether the Li line of observed spectrum is matchable to the best-fitting template. We eliminated the unmatched or bad quality spectra, we also inspected whether there are emission lines of N II around H α and S II around Li resonance in order to get rid of the newly formed objects. Particularly, for the extremely strong Li line at 6708Å, we checked the other Li I lines (6104Å and 8126Å) and the repeated observations if it had any. Figure 4 shows several examples of different A (Li) . The light blue region is the wavelength range to calculate χ 2 value, the blue dots represent the observed spectrum, and the red solid line is the best-matching template.
Error estimation
The errors of our A(Li) measurements have two aspects: systematic error due to the intrinsic errors in our method and random errors mainly due to the quality of the observed spectra and/or the uncertainties of the stellar parameters.
Systematic error
The systematic error of our result is estimated by comparing the Li abundance derived from our method to that from the high-resolution (H.Res.) spectra. In our catalog, 59 Li- Singh et al. 2019b; Zhou et al. 2019; Yan et al. 2019, in prep.) . We derived A(Li) LAMOST of these objects using the LAM-OST spectra and the stellar atmospheric parameters provided in the literature, and we show the detailed information for 34 published stars in Table 1 . In Figure 5 , we present the comparison between A(Li) LAMOST and A(Li) H.Res. for all the 59 stars. It shows a good consistency with an offset of 0.09 dex and a dispersion of 0.24 dex between our measurements and the results derived by high-resolution spectra in the literature. Thus we consider the systematic error of our result is less than 0.1 dex.
Random errors
In our results, 2, 746 giants have repeated observations, these could be used to estimate the random errors. We plotted the differences in A(Li) between repeated observations as a function of S/N, T eff , log g, [Fe/H] and A (Li) in Figure 6 . In panel (a), all the 2, 746 objects with repeated observations are included, which shows that the random errors are sensitive to the S/N decreasing from 0.3 dex to 0.1 dex with increasing S/N. In order to avoid the influence of S/N, only 1, 118 objects with high quality data (S/N ≥ 200) were used in the rest panels. Panels (b) and (c) show that the random errors increase from 0.1 dex to 0.2 dex with increasing T eff or log g, which may be due to the lithium line at 6708Å is stronger at low T eff or log g. While the random errors have no obvious relation to the [Fe/H] as shown in panel (d), which may be because the strength of the lithium line has no obvious relationship to [Fe/H]. And panel (e) shows that the scatter of the differences of A(Li) remains same when A(Li) goes from 2.0 to 4.5, and slightly larger in the bin of 1.5 ≤ A(Li)< 2.0. It is noted that the lithium line at 6708Å is strong enough to be detected when A(Li) higher than 2.0. The typical value of random errors is 0.2 dex.
RESULTS
The giants with A(Li) ≥ 1.5 are usually defined as Li-rich giants. In our results, 10,535 Li-rich giants are identified. Their information is listed in Table 2 , including the LAMOST ID, positions, the stellar atmospheric parameters provided by LASP, A(Li) and the observed date. Figure 7 shows the histograms of the number of our Li-rich giant sample versus T eff , log g and [Fe/H], respectively. For the distribution of temperature there is a peak around 4800 K, and might be another peak around 5100 K. There are two clear peaks around log g∼2.5 dex and 3.5 dex, the first is corresponding to the red giant branch and red clump stars. In addition, the distribution of metallicity shows a clear peak around [Fe/H]∼ -0.15 and a symmetric profile from ∼ −0.8 to +0.5 dex. For the stars with metallicity lower than −0.8 dex, there seems to be a second peak in the range of −1.5 to −1.0 dex. Figure 8 shows that the number declines with increasing A (Li) . It is noticeable that the number distribution of 1.5 dex ≤ A(Li) ≤ 1.7 dex is against the overall trend, this could be because the lithium line is too weak to be detected on the low-resolution spectra when A (Li) is smaller than 1.7 dex. Our sample stars in the HRdiagram were displayed with a background of all giant sample in Figure 9 , and the two group stars around log g of 2.5 dex and 3.5 dex can also be found.
SUMMARY
In this work, we search for Li-rich giants from the LAMOST low-resolution spectra and find 10, 535 Li-rich giants with A(Li) ≥ 1.5 dex, which is 1.29% of the all giants in our sample.
We developed a method to derive Li abundance for giants from the low-resolution spectra based on templatematching. We estimate that the systematic error is ∼ 0.1 dex and the random error is around 0.2 dex
The number distribution of our sample in temperature shows two peaks around 4800 K and 5100 K, respectively. There are also two clear peaks around 2.5 dex and 3.5 dex in log g. We found a symmetric distribution in the metallicity range of −0.8 to +0.5 dex, while there seems a second peak around ∼ −1.25 dex. As expected, we found that there is a decline of number density with increasing Li abundances. This is the largest Li-rich giant sample up to date which will help us to investigate the lithium evolution in evolved stars in further work. In the paper II, we will analysis the properties of our Li-rich giant sample from following aspects: the rotation velocity, infrared excess, stellar population and evolutionary stage, etc. Shi, J. R., Gehren, T., Zhang, H. W., et al. 2007 , A&A, 465, 587 Siess, L. & Livio, M. 1999 , MNRAS, 308, 1133 Silva Aguirre, V., Ruchti, G. R., Hekker, S., et al. 2014, ApJL, 784, L16 Singh, R., Reddy, B. E. & Kumar, Y. B. 2019a, MNRAS, 482, 3822 Singh, R., Reddy, B. E., Kumar, Y. B., et al. 2019b , ApJL, 878, L21 Smiljanic, R., Franciosini, E., Bragaglia, A., et al. 2018 , A&A, 617, A4 Wallerstein, G. & Sneden, C. 1982 Xiang, M. S., Liu, X. W., Yuan, H. B., et al. 2015, MNRAS, 448, 822 Yan 
